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In the endemic area of tuberculosis, there are many cases. that present tuberculosis as a solitary pulmonary 
nodule (SPN) on chest radiographs. The objective of this study is to evaluate the diagnostic yield of 
transbronchial lung biopsy (TBLB) under fluoroscopic guidance in SPNs such as lung cancer or pulmonary 
tuberculoma in areas with high prevalence of tuberculosis. 
One hundred and seventy patients with SPNs on chest radiographs were included in the study; all had 
negative sputum smears for tubercle bacilli and no malignancy by sputum cytology before bronchoscopy. 
Transbronchial lung biopsy and brushing were performed, routinely, under fluoroscopic guidance. 
Of 170 patients, 120 (70.6%) had lung cancer (including three with metastatic cancer), 40 (23.5%) patients 
had pulmonary tuberculosis (Tb), and the remaining 10 (5.9%) patients had other benign pulmonary lesions. 
The overall diagnostic rate in SPNs was 62.4% (106 of 170). Transbronchial lung biopsy and brushing revealed 
a diagnostic sensitivity of 70.0% in lung cancer (84 of 120) and a sensitivity of 55% in Tb (22 of 40). In 
addition, TBLB and brushing also provided rapid microscopic identification of Tb in 18 of 40 patients (45%, 
including 15 by TBLB, one by brushing smear, and two by postbronchoscopic sputum). The percentage of 
positive diagnosis correlated with diameter of the SPN. Solitary pulmonary nodules with diameter less than 
2 cm were diagnosed in only 35.3% of cases (6 of 17; cancer 40% vs. Tb 29%). In contrast, the diagnostic rates 
in SPNs with diameters 24 cm and greater than 4 cm were 64.5% (78 of 121; cancer 72.0% vs. Tb 62.5%) and 
688% of cases (22 of 32) respectively. 
Diagnostic bronchoscopy under fluoroscopic guidance is a useful tool in evaluation of patients with 
a peripheral pulmonary nodule since it may provide additional information to minimize unnecessary 
thoracotomy and give way for proper medication as early as possible. 
Introduction 
The evaluation of a solitary pulmonary nodule 
(SPN) is frequently encountered in clinical practice. 
Most SPNs are detected on routine chest radiographs 
performed in asymptomatic individuals. In a patient 
with SPN, the major diagnostic problem is distin- 
guishing between a resectable malignant pulmonary 
neoplasm and other benign lung lesions, such as 
infectious granuloma (e.g. tuberculoma), benign neo- 
plasm (e.g. harmatoma), or inflammatory nodule and 
cystic lesions. The goals in evaluating patients with a 
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SPN are: (1) to avoid an unnecessary thoracotomy 
for a benign process (such as a tuberculoma); and (2) 
to expedite resection for malignant nodules. Fibre- 
optic bronchoscopy (FB) and transbronchial lung 
biopsy (TBLB) are commonly used in the diagnostic 
approach to many pulmonary disorders, including 
SPN (1). Controversy remains regarding the necessity 
of establishing a preoperative tissue diagnosis in 
lesions having a high likelihood of malignancy. Some 
advocate that surgery should be performed directly in 
the absence of a tissue diagnosis if a staging work-up 
is negative for metastatic disease in an otherwise 
operable candidate (2). In Taiwan, the morbidity rate 
of tuberculosis is around 1290 per 100 000 inhabit- 
ants, and the mortality rate is about 9.5 per 100 000 
inhabitants (3) both of which are much higher than 
the standard set by the World Health Organization 
(WHO). Due to high prevalence of pulmonary 
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Table 1 Results of three different invasive diagnostic procedures in patients with malignant 
solitary pulmonary nodule 
TBLBPorushing Thoracotomy 
CT-guided 
biopsy Total* 
Squamous cell carcinoma 22 11 6 39 
Adenocarcinoma 52 10 7 69 
Small cell lung cancer 4 0 0 4 
Alveolar cell carcinoma 4 2 0 6 
Large cell carcinoma 2 0 0 2 
Total 84 23 13 120 
TBLB, transbronchial lung biopsy; CT, computerized tomography. 
*Including three cases of solitary metastatic cancer in the lungs (one colon cancer, one case of 
laryngeal cancer, and one case of cervical cancer). 
tuberculosis (Tb), there will be more cases than 
usually present as a tuberculoma on chest radio- 
graphs. For this reason, TBLB and brushing under 
fluoroscopic guidance in the diagnosis of peripheral 
pulmonary nodule were reviewed. 
Patients and Methods 
A lesion was considered as a SPN in this study if it 
measured 6 cm or less at its greatest diameter on 
posteroanterior radiograph, and was surrounded by 
normal lung tissue without evidence of obvious pneu- 
monia, central mass or pleural involvement. Accord- 
ing to the criteria given, there were 173 patients with 
a SPN on chest radiographs in Veterans General 
Hospital-Kaohsiung, Taiwan, during the period 
between January 1991 and December 1993. Com- 
puted tomography of the chest was performed in all 
patients and convincing evidence of characteristic 
calcification (e.g. dense cental nidus, popcorn or 
laminar) of SPN was presented in three patients who 
were then excluded. Of 170 patients in this retro- 
spective study, there were 152 males and 18 females, 
with mean age of 65 years (range 24-81 years). Under 
local anaesthesia with inhaled 4% xylocaine, all cases 
were examined with a fibre-optic bronchoscope 
(Olympus BF20 or P20) in the standard manner. The 
TBLB and brushing were performed, routinely, 
under fluoroscopic guidance, and biopsies were taken 
at least three times in each patient. No patients had 
bronchoscopic findings of endobronchial tumour. 
Before bronchoscopy, all subjects had at least two 
sets of sputum examination with negative smears for 
tubercle bacilli and no malignancy by cytology. 
Additional radionuclide studies were ordered based 
on history, physical findings or abnormal labora- 
tory results. No previous chest radiographs were 
available for comparison. Repeated bronchoscopy or 
computerized tomograph (CT)-guided biopsy with 
Temno automatic biopsy needle (Bauer, Italy) are 
suggested to obtain proper tissue diagnosis. The 
indications for a second attempt of bronchoscopy or 
CT-guided biopsy included the lesions strongly sus- 
pected to be clinically benign, or the patients with 
high operative risk. In the patients with the non- 
diagnostic bronchoscopy or CT-guided biopsy, 
exploratory thoracotomy was performed if there was 
no clinical evidence of distant metastasis. 
A purified protein-derivative (PPD) test was not 
performed routinely in adults to screen the morbidity 
of pulmonary tuberculosis, due to BCG (Bacillus 
Calmette-Guerin) vaccination in childhood in the 
Taiwanese population. 
Results 
Of 170 patients entered into the study, there were 
120 cases of pulmonary malignancy (including 37 
squamous cell carcinoma, 68 adenocarcinoma, four 
small cell carcinoma, six alveolar cell carcinoma, two 
large cell carcinoma, and three metastatic cancer in 
the lungs) and 50 cases of benign pulmonary lesions 
(including 40 Tb, six localized pneumonia, two 
organizing pneumonia, one cryptococcosis, and one 
carcinoid). The patients with lung malignancy had a 
mean age of 68 years (range 47-82 years) and 107 
(89.2%) were male. The diagnosis was established by 
bronchoscopic techniques (including TBLB and 
brushing) in 84 patients. Of the remaining 36 patients 
in whom bronchoscopy gave negative results, 13 were 
diagnosed by chest CT-guided biopsy and 23 were 
diagnosed by exploratory thoracotomy (Table 1). 
The patients with benign pulmonary lesions had a 
mean age of 56 years (range 24-80 years) and 45 
(90.0%) were male. The methods used to establish 
diagnosis in the non-malignant group of 50 patients 
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Table 2 Results of three different invasive diagnostic procedures in patients with benign 
solitary pulmonary nodule 
TBLB and brush CT-guided Clinical 
smear/culture Thoracotomy biopsy follow-up Total 
Tuberculosis 22 12 1 5* 40 
Localized pneumonia 6t 6 
Organizing pneumonia 2 - 2 
Cryptococcosis 1 1 
Carcinoid - 1 - 1 
Total 22 16 1 11 50 
TBLB, transbronchial lung biopsy; CT, computerized tomography. 
*Proved by positive sputum smear/culture for Mycobacterium tuberculosis only. 
TTreated with antibiotics and improved clinically after follow-up for 2 months. 
Table 3 Diagnostic yield of bronchoscopy by nodular size 
Number of 
patients 
Diagnostic numbers 
and rate (%) 
Total diagnostic rate 
by nodular size1 
<2cm 
24 cm 
>4cm 
Total 
Malignancy 
Tuberculosis 
Malignancy 
Tuberculosis 
Others* 
Malignancy 
Tuberculosis 
Others? 
10 4 (40%) 35.3% (6/17) 
7 2 (286%) 
81 58 (72%) 
33 20 (62.5%) 64.5% (78/121) 
7 0 
29 22 (76%) 
0 0 68.8% (22/32) 
3 0 
170 106 62.4% (106/170) 
*Including organizing pneumonia (one case), localized pneumonia (four cases), carcinoid (one 
case), and cryptococcosis (one case). 
TIncluding localized pneumonia (two cases), and organizing pneumonia (one case). 
SDiagnostic sensitivity of malignancy=70% (84/120), and Tb= 55% (22/40). 
included TBLB or brushing in 22 patients with Tb, 
exploratory thoracotomy in 16 patients, CT-guided 
biopsy in one patient with Tb, and subsequent 
follow-up showing regression and disappearance of 
the lesions in 11 patients (five Tb with positive 
sputum smear/culture, and six localized pneumonia 
with follow-up for at least 2 months) (Table 2). 
The diagnostic yield of solitary nodules was signifi- 
cantly influenced by the size of the nodule. Definite 
diagnosis was made in only six of 17 patients (353%, 
cancer 40.0% vs. Tb 28.6%) when nodular masses 
were less than 2 cm in diameter. In contrast, the 
diagnostic rate in nodular masses with a diameter of 
224 cm and greater than 4 cm was 64.5% (cancer 
72.0% vs. Tb 62.5%) and 68.8% respectively. The 
overall diagnostic rate in SPNs was 62.4% (106 of 
170), including 49% (84 of 170) for lung cancer and 
13% (22 of 170) for Tb. Transbronchial lung biopsy 
and brushing revealed a diagnostic sensitivity of 70% 
in lung cancer (84 of 120) and 55% in pulmonary Tb 
(22 of 40) (Table 3). 
The histological finding of most TBLB specimens 
from the 40 patients with Tb infection was non- 
specific chronic inflammation (62.5%, 25 of 40). The 
TBLB demonstrated caseating granuloma in two 
cases (SO!), caseating granuloma with positive smear 
for Tb in 11 cases (27.5%), and non-caseating granu- 
lomatous inflammation in two cases (5%). Of these 13 
patients with positive TBLB specimens, only nine 
were subsequently confirmed to have Tb infection by 
microbiological studies (seven patients by bronchial 
wash culture and two by sputum culture). The two 
patients with non-caseating granulomatous inflam- 
mation in TBLB specimens also had positive Tb 
culture of bronchial wash specimens. Bronchoscopy 
with TBLB and brushing procedures under fluoro- 
scopic guidance provided rapid microscopic identifi- 
cation of Tb infection in 18 patients (45%; 15 by 
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Table 4 Results of histological and microbiological findings of 40 patients with tuberculosis 
Description Positive cases % 
Sputum Tb culture 
Post-scopic sputum Tb smear 
Scopic brush for Tb smear 
Scopic wash for Tb culture 
Transbronchial biopsy 
Non-specific chronic inflammation 
Non-caseating granulomatous inflammation 
Caseating granuloma 
Caseating granuloma with Tb smear(+) 
12 30 
2 5 
2 5 
15 37.5 
25 62.5 
2 5 
2 5 
11 27.5 
Tb, pulmonary tuberculosis. 
TBLB, one by brushing smear, two by postbronchos- 
copy sputum smear) (Table 4). 
Of 77 patients in the present study whose TBLB 
recovered tissue showing non-specific inflammation, 
40 patients (51.9%) were eventually proved to have 
malignancy, 27 patients (35%) had Tb and the 
remaining 10 patients had other benign pulmonary 
diseases. Of the 20 patients with repeated bron- 
choscopy, two were diagnosed as Tb and six had lung 
cancer. 
Complications associated with the procedure 
occurred in 12 of 170 patients who underwent 
bronchoscopy. Three patients had pneumothoraces 
(one of these required closed chest tube drainage), 
one had severe bronchospasm and eight had appar- 
ent bleeding which was controlled easily by suction 
and topical epinephrine. 
Discussion 
A peripheral solitary pulmonary nodule is a 
tumour visible on a chest radiograph but which is not 
directly visible on fibre-optic bronchoscopy down to 
the level of subsegmental bronchi (4). Numerous 
articles have attempted to establish guidelines for 
systemic handling of the SPN. Some authors (5,6) 
advocate an organized approach using various clini- 
cal criteria (e.g. age, tumour growth rate, roentgeno- 
graphic appearance) and non-surgical diagnostic 
means such as sputum cytology, transbronchial 
biopsy, brushing cytology and transthoracic or trans- 
bronchial needle aspiration to distinguish benign 
lesions from malignant lesions. Others (7) suggest 
that these invasive procedures not only delay the 
treatment of malignant lesions but also add consider- 
able risk of morbidity, patient discomfort and hospi- 
tal cost. It is still controversial whether bronchoscopy 
should be the first procedure performed for a SPN 
(8811). The only way in which bronchoscopy with 
TBLB can prevent the need for thoracotomy in 
operative candidates is to either prove a benign lesion 
such as tuberculosis, or to show findings that pre- 
clude curative resection, such as tumour involvement 
of proximal airway, vocal cord palsy or widening of 
the carina. In the authors’ experience, combining 
bronchoscopy with fluoroscopic guidance not only 
reveals the diagnostic sensitivity of 70% in cancer and 
55% in tuberculosis patients, but also provides im- 
mediate microscopic identification of Tb in 45% of 
patients proved to have Tb infection. Therefore, it is 
worthwhile to perform FB/TBLB in patients with a 
SPN to avoid unnecessary thoracotomy in endemic 
areas of tuberculosis. 
In view of the relatively high incidence of malig- 
nancy in the middle-aged and old-age groups in the 
present study, there was a significant probability that 
the surgical procedure would be necessary whether or 
not the diagnosis was made beforehand by bron- 
choscopy. However, in an endemic area of tubercu- 
losis, there would be more patients that present Tb as 
a SPN on the chest radiographs, such as 40 cases 
(23.5%) in this study. Consequently, it is suggested 
that it is relevant to obtain tissue diagnosis preopera- 
tively since it may minimize unnecessary surgery and 
expedite the administration of proper medications, 
such as anti-tuberculous drugs. 
In the literature, flexible bronchoscopy with 
TBLB, brushing and washing has a lo-28% yield for 
malignant nodules less than 2 cm in diameter, and 
40-80% for malignant nodules greater than 2 cm in 
diameter (12,13). The data from this study also 
confirm that the percentage of positive diagnosis 
correlates with the diameter of the SPN in both 
cancer and Tb patients. If the histological findings 
showed ‘acute and chronic inflammation’, the sample 
was excluded as diagnostic, since this can not rule out 
malignancy. The transbronchial brushing may also 
complement the results of TBLB in the patients with 
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Tb; seven of 40 cases (one with smear, six with 
culture) required bronchial washing for the diagnosis 
of Tb, due to the finding of non-specific chronic 
inflammation in the specimen of TBLB. 
In the data from the present study, there were four 
cases of lung cancer with coexistent tuberculosis. The 
chest radiographs of these cases showed localized 
infiltration in the upper lung field associated with a 
solitary nodule with a diameter of greater than 3 cm. 
The sputum culture for Tb in these patients were 
positive, but the histological findings of TBLB from 
the SPN were all malignant (adenocarcinoma). So, 
even when results of sputum culture for Tb were 
positive, the possibility of malignancy in patients 
with a peripheral nodule on chest radiographs can 
still not be ruled out. In consideration of coexistence 
of lung cancer and tuberculosis, the diagnostic role of 
fluoroscopically guided TBLB should not be under- 
estimated in areas where tuberculosis is prevalent. 
There is literature which either supports or dis- 
putes the diagnostic role of bronchoscopy for 
patients suspected of having tuberculosis, (14-16). If 
an area has high prevalence of tuberculosis and is not 
endemic for histoplasmosis or coccidomycosis, such 
as Taiwan, the histological finding of granulomatous 
inflammation on TBLB specimens is suggestive of 
tuberculosis. For example, two cases with non- 
caseating granuloma in this study turned out to be 
tuberculosis by bronchial wash culture. 
In summary, it is concluded that diagnostic bron- 
choscopy under fluoroscopic guidance is a useful tool 
in evaluating patients with a peripheral pulmonary 
nodule with undetermined aetiology, since it may 
provide additional information before surgery. In 
patients with SPN who have radiological or systemic 
evidence of disease extension, FB/TBLB may provide 
tissue diagnosis of malignancy which may be needed 
to assess operation, radiation therapy or chemo- 
therapy. In cases of pulmonary tuberculosis, FB/ 
TBLB may improve the ability to document active 
tuberculosis, provide samples for rapid microscopic 
diagnosis, minimize unnecessary thoracotomy and 
expedite the administration of appropriate medication. 
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